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Benchmarking the Differences Between Cow
and Beef Muscles
This study was designed to
analyze chemical and physical
properties of nine different muscles
(gluteus medius, infraspinatus,
longissimus, psoas major, rectus
femoris, tensor facia latae, teres
major, triceps brachii-lateral head,
and triceps brachii-long head)
from five populations of cattle (fed
beef cows, non-fed beef, fed dairy
cows, non-fed dairy cows, and
A-maturity, USDA Select grade
beef). The objective of this study
was to document similarities and
differences in the physical and
chemical characteristics of the nine
muscles from the five populations
of cattle studied.
Procedure
Sample collection took place at
Packerland Packing Co. in Green
Bay, Wisconsin. Based on visual
evaluation, live cattle were sepa-
rated into four populations of cows
(fed beef, non-fed beef, fed dairy,
non-fed dairy) and A-maturity,
USDA Select grade beef by experi-
enced plant personnel. Seventy-five
carcasses, fifteen from each of the
five populations of cattle, were
selected. Selected carcasses had at
least 0.1 inch of 12th rib fat and
medium or greater muscling. Hot
carcass weight, ribeye area, lean
and bone maturity, kidney/pelvic/
heart fat percent, marbling score, fat
color (1=white, 2=creamy white,
3=slightly yellow, 4=moderately
yellow, 5=yellow), and lean color
(1=extremely dark red, 2=dark red,
3=moderately dark red, 4=slightly
dark cherry-red, 5=slightly bright
cherry-red, 6=moderately bright
cherry-red, 7=bright cherry-red,
8=extremely bright cherry-red) were
recorded. Nine muscles were
removed from each carcass for
further analysis. Objective color
[L* (measure of lightness), a* (mea-
sure of red), and b* (measure of
yellow)] was measured with Illumi-
nant A using a Hunter Lab Mini
Scan XE Plus colorimeter with a
1-inch port. Water holding capacity
was determined as expressible
moisture and was measured as the
percentage of moisture loss due to
centrifugation. A pH meter with a
spear tip combination electrode
was used to determine muscle pH.
Total heme iron is a measurement
of pigment (myoglobin and hemo-
globin) in a muscle sample. Pig-
ments were extracted using acetone
and hydrochloric acid. The total
heme iron content was quantified
using a spectrophotometer and
reported in parts per million.
Muscle total collagen content was
measured by assaying for hydroxy-
proline content using a spectropho-
tometer. Muscle is composed of
moisture, protein, fat, and ash.
Moisture and ash were measured
using a LECO thermogravimetric
analyzer. Fat was measured by
Soxhlet ether extraction and protein
was determined by difference. Data
were analyzed using Proc Mixed
procedures of Statistical Analysis
System (SAS). Means were sepa-




total collagen, water holding capac-
ity, and objective color (a* and b*)







Some muscles from the different
populations of cows evaluated have
similar chemical and physical proper-
ties to muscles from A-maturity,
USDA Select grade cattle. Perhaps
those muscles from cows could be uti-
lized in a manner that would increase
their value. Fifteen carcasses were
selected from five populations (fed beef
cows, non-fed beef cows, fed dairy
cows, non-fed dairy cows, and Select
grade beef) and nine muscles per car-
cass were characterized. Most muscles
from cows were darker in color, had
higher pH values, and had greater
heme iron content than muscles from
younger cattle, which may be undesir-
able to consumers. Supplemental tech-
nology may be needed to upgrade
muscles from cow carcasses.
Introduction
In recent years, utilization of
under-valued muscles has been
influenced by beef muscle profiling
and cow muscle profiling projects.
These studies, however, did not
make direct comparisons between
populations of young and old
cattle. Such information would help
the industry determine if there are
muscles from different populations
of cows that are comparable to
A-maturity, Select grade beef and
could be used in a way that would
upgrade their value.
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Table 1. Least square means of carcass characteristics from five groupsa of beef .
Groups
Characteristic B-NF B-F D-NF D-F SEL
Hot carcass weight, lb 676i 841h 813h 945g 812h
Lean maturity D40i C74h D23gh D09gh A42i
Bone maturity E07g D37h D33h D72gh A45i
Overall maturityb D74g D05h D28gh D41gh A44i
Fat colorc 4.5g 3.3i 4.0h 3.5hi 2.1 j
Lean colord 3.5i 4.7h 3.6i 3.8i 6.3g
Fat thickness, in 0.3i 0.6g 0.2i 0.3i 0.4h
Musclinge 5.2i 6.6h 4.2j 4.7ij 8.1g
Marblingf Sl85i Mt09h Sm81h Md08g Sl56i
Ribeye area, in2 11.1j 12.8h 11.3ij 12.3hi 14.1g
% kidney, pelvic, heart fat 2.6i 3.6hi 4.4h 5.5g 3.1i
Yield grade 2.7i 4.0g 3.4h 4.1g 2.7i
aGroups: B-NF = Non-fed beef cows, B-F = Fed beef cows, D-NF = Non-fed dairy cows,
D-F = Fed dairy cows, SEL = A-maturity, Select grade beef
b(Lean maturity + Bone maturity)/2
c1 = white, 2 = creamy white, 3 = slightly yellow, 4 = moderately yellow, 5 = yellow
d1 = extremely dark red, 2 = dark red, 3 = moderately dark red, 4 = slightly dark cherry-
red, 5 = slightly bright cherry-red, 6 = moderately bright cherry-red, 7 = bright cherry-red,
8 = extremely bright cherry-red
e1 = light-, 2 = light0, 3 = light+, 4 = medium-, 5 = medium0, 6 = medium+, 7 = heavy-, 8
= heavy0, 9 = heavy+
fSl = slight, Mt = modest, Sm = small, Md = moderate,
g,h,i,jMeans in the same row having different superscripts are significant at P < 0.05 level.
Table 2. Least square means of objective color (L*) for nine musclesa from five groupsb
of beef.
Groups
Muscles B-NF B-F D-NF D-F SEL
GLM 34.52d 34.35d 34.66d 34.38d 38.13c
INF 34.94e 37.06cd 35.76de 36.19de 38.72c
LOD 35.34d 35.73d 34.96d 35.59d 38.86c
LTB 33.21e 35.37d 32.98e 33.74de 37.80c
MTB 34.55d 35.67d 35.26d 34.33d 38.77c
PSO 35.41d 36.47d 35.17d 34.20d 38.88c
REF 33.54e 36.36d 35.24de 34.98de 43.04c
TER 34.77e 37.46cd 35.21de 34.99de 39.31c
TFL 34.94e 38.29d 35.28e 37.34de 41.80c
aMuscles: GLM = gluteus medius, INF = infraspinatus, LOD = longissimus, LTB =
triceps brachii long-head, MTB = triceps brachii lateral-head, PSO = psoas major, REF =
rectus femoris, TER = teres major, TFL = tensor facia latae
bGroups: B-NF = Non-fed beef cows, B-F = Fed beef cows, D-NF = Non-fed dairy cows,
D-F = Fed dairy cows, SEL = A-maturity, Select grade beef
c,d,eMeans in the same row having different superscripts are significant at P < 0.05 level.
beef and non-fed dairy cows. As
expected, the overall maturity of
Select was younger than the other
populations. A-maturity, USDA
Select grade cattle had whiter fat
color and higher lean color scores
than the other populations. These
cattle may have been fed a high
concentrate diet for a longer time,
resulting in whiter fat color.
Younger animals display lighter
and brighter lean color. With the
exception of the fed beef cow popu-
lation, Select had less external fat
measured at the 12th rib and Select
had less kidney, pelvic, and heart
fat than fed and non-fed dairy.
Carcasses from fed beef, non-fed
dairy, and fed dairy cows had more
marbling than Select. However,
Select carcasses were heavier
muscled (1 = light and 8 = heavy)
and had larger ribeye areas than
the other populations. Muscling
scores can be influenced by the
nutritional status of the animal. If
cattle are on a low plane of nutri-
tion, they may be forced to metabo-
lize muscle tissue to maintain
energy, thereby reducing muscle
scores. Yield grades were lower
(P < 0.05) for Select than fed beef,
non-fed dairy and fed dairy cows.
Although a feeding trial was not
conducted as part of this experi-
ment, it is obvious that different
populations of cows exist. Carcass
data indicate beef cows were more
like A-maturity, USDA Select grade
cattle than dairy cows for many car-
cass characteristics. In many cases,
there were apparent differences
between the populations of cows
selected for additional feeding and
those not selected for additional
feeding. For example, non-fed beef
cattle were older, leaner, and lighter
in weight than fed beef cows. Per-
haps those cows were not selected
for additional feeding out of con-
cern they would not benefit enough
to make it worth the additional
costs.
Objective Color
Seven of nine muscles from
Select cattle were significantly
(P < 0.05) lighter (higher L*) than
the same muscles from each of the
cow populations (Table 2). The
infraspinatus and teres major from
fed beef cows did not differ from
Select. In general, as animals
advance in age the muscle tissue
becomes a darker red.
(Continued on next page)
not be discussed in this report
because there were very few differ-
ences.
Carcass Characteristics
Hot carcass weights (Table 1)
from the population of Select were
lighter (P < 0.05) than carcass
weights of fed dairy cows and
heavier than carcass weights of
non-fed beef cows, but similar to fed
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Table 3. Least square means of pH for nine musclesa from five groupsb of beef.
Groups
Muscles B-NF B-F D-NF D-F SEL
GLM 5.52de 5.47e 5.58cd 5.62c 5.49de
INF 6.01c 5.90cd 5.95cd 5.96c 5.84d
LOD 5.57c 5.52c 5.57c 5.56c 5.53c
LTB 5.63de 5.60e 5.74cd 5.76c 5.54e
MTB 5.64d 5.61d 5.79c 5.77c 5.56d
PSO 5.62cd 5.59cd 5.73c 5.72c 5.56d
REF 5.79c 5.72cd 5.83c 5.83c 5.57d
TER 5.73cd 5.73cd 5.78cd 5.82c 5.63d
TFL 5.67cd 5.59de 5.68c 5.73c 5.53e
a,b,c,d,e See footnotes in Table 2.
Table 4. Least square means of heme iron (ppm) for nine musclesa from five groupsb
of beef.
Groups
Muscles B-NF B-F D-NF D-F SEL
GLM 28.92de 32.44cd 36.66c 33.76cd 25.33e
INF 32.32c 33.31c 32.04cd 34.61c 26.71d
LOD 29.43c 30.05c 34.64c 30.35c 21.19d
LTB 29.22de 33.86cd 34.17cd 37.29c 25.94e
MTB 33.94c 28.00de 32.87cd 36.36c 24.67e
PSO 27.69cd 31.97c 31.00c 32.17c 23.52d
REF 26.77cd 31.05c 32.38c 33.08c 20.85d
TER 26.89cd 25.29de 31.09c 29.38cd 20.85cd
TFL 27.46cd 24.71d 29.74c 28.84cd 18.18e
a,b,c,d,eSee footnotes in Table 2.
Muscle pH
Muscle pH differed (P < 0.05)
from Select for eight of nine muscles
(Table 3). The most noticeable dif-
ferences were from the populations
of fed and non-fed dairy cows. For
thirteen of eighteen observations,
pH values of muscles from the
dairy cow populations were higher
than the Select. The infraspinatus,
rectus femoris and tensor facia latae
from non-fed beef cows also had
significantly (P < 0.05) higher pH
values than Select. Muscle pH is
dependent on the amount of
glycogen present in the muscles at
the time of slaughter. Muscle glyco-
gen content may be influenced by
the animal’s diet and stress prior to
slaughter. If glycogen stores are
depleted prior to slaughter, pH
decline is slowed and a higher than
normal ultimate pH will occur. The
role of pH is very broad and affects
many characteristics of meat.
Muscles with a high ultimate pH
will be very dark in color and very
dry in appearance on the exposed
surface because water is tightly
bound to the proteins.
Heme Iron Concentration
All muscles from Select had sig-
nificantly (P < 0.05) lower heme
iron concentrations (Table 4) than
the cow muscles tested. Studies
have shown that heme iron content
of muscles from A-maturity cattle
are lower than the same muscles
from market cows. Others have
reported an increase in myoglobin
content as animals increased in
maturity and the pigment content of
steers and cows were double and
triple the concentrations of pigment
found in veal calves, respectively.
Seven of thirty-six observations
from the four cow populations had
heme iron concentrations that did
not differ from Select. Most of these
observations were of beef cows,
indicating muscle color from beef
cows more closely matches muscle
color from Select than do muscles
from dairy cows.
Most muscles from cows were
darker in color, had higher pH
values, and had greater heme iron
content than muscle from younger
cattle, which may be undesirable to
some consumers. Supplemental
technology may be needed to
upgrade muscles from cow car-
casses.
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